The effect of a saturable absorber (SA) on the performance of 40 GHz optical clock signal recovered from a monolithic semiconductor laser is investigated, in terms of timing jitter, locking range, and extinction ratio. Experiments show that using a SA improves the extinction ratio but reduces the locking range and increases sensitivity to the data mark ratio.
Introduction
Optical clock recovery is a key requirement of alloptical regenerators, which are used for reducing the accumulated impairments in ultra long haul highcapacity DWDM transmissions [I] . Clock recovery using monolithic semiconductor lasers has also been shown to exhibit robust synchronization dynamics, a short lock-up time and a long dephase time [2] . Clock recovery using mode locked semiconductor lasers with an intracavity SA section has been widely reported [I-31. Recently clock recovery from a monolithic semiconductor laser without a SA section was reported [4] . A comprehensive investigation into the effects of the SA section has not yet been carried out. In this paper, we compare the performance of 40 GHz optical clock recovery using a monolithic semiconductor laser with and without a saturable absorber section. The effects of saturable absorption on timing jitter, locking range, and the extinction ratio of the recovered clock signal are investigated.
Experimental set-up
The experimental set-up for comparing the characteristics of clock signal recovered from a monolithic semiconductor laser is shown schematically in Fig. 1 . A 10 GHz pulse stream was generated using a 1550 nm DFB laser modulated by a clock signal from a pulse pattern generator (PPG). The pulses were then compressed to 7 ps through 1 km of dispersion compensating fiber (DCF, D=-26.6 ps/km/nm), and coded at 10 Gh/s with a 23'-1 pseudorandom binary sequence data via a Mach-Zehnder modulator ( M Z M ) . The pulses were passively multiplexed using optical delay lines (Mux) to produce a 40 Gb/s RZ data signal. The data signal was injected into a multisection monolithic semiconductor laser which consisted of a gain section, a distibuted Bragg reflector (DBR) section, a phase control (PC) section and a saturable absorber section. The effects of the saturable absorber on the characteristics of the recovered clock were investigated by changing the SA bias condition, to be uniformly pumped with the gain section, grounded or reverse biased. At the output of the multisection laser diode (LD), a optical bandpass filter (OBPF) was used to remove the residual data signal in the multisection laser output. The characteristics of the clock signal were measured using an optical spectrum analyzer (OSA), an autocorrelator and an RF spectrum analyzer (RFSA) in conjuction with a photo diode (PD).
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Fig. 1 The experimental set-up
Results and discussions
We investigated the characteristics of the recovered optical clock in terms of extinction ratio and timing jitter by varying the SA bias conditions. The drive current of the gain section was 62.5 mA when the SA was positively driven at 7.5 mA so that the two sections were uniformly pumped. This condition corresponds to clock recovery without a SA. When the SA was grounded and reverse biased at -0.26 V, the drive current of the gain section was 125 mA, which corresponds to clock recovery with a weak SA and a strong SA respectively.
The extinction ratio is an important characteristic in evaluating the quality of the recovered clock signal. We define the extinction ratio as the ratio of maximum level to minimum level in the auto-correlation trace of the clock signal. Fig. 2 shows the dependence of extinction ratio of the clock signal on the injected optical power of data signal. The maximum extinction ratios of the recovered clock are 12.2 dB, 15.9dB and 0-7803-7598-W02/$17.00 02002 IEEE 19.9 dB, corresponding to no, weak SA and strong SA, where the injected optical powers are 0.43dBm, -1.48dBm and -1.6 dBm respectively. The saturable absorption in the laser cavity helps to increase the extinction ratio of the recovered clock. In addition, the required injection power for maximum extinction ratio clock is lower with the help of the saturable absorber. Locking range is another measure of clock recovery. The mark ratio dependence characteristics of recovered clock are also important when evaluating the performance of clock recovery technique. The dependence of timing jitter of the clock signal versus the mark ratio of the data signal is shown in Fig. 4 , where the injection powers for different drive conditions were the same as for Fig. 3 . As the mark ratio decreases from 1 to 0.5, the timing jitter of the clock degrades very slowly for all three bias conditions. While mark ratio further decreases from 0.5 to,l/8. the timing jitter degrades much faster in the case where the laser has saturable absorption effect in cavity than that where the laser has no SA. The stronger the effect of SA in cavity, the faster the timing jitter degrades. Therefore, with SA in cavity, the clock recovery is more sensitive to the mark ratio of incoming data for low mark ratios. IV. Conclusions A detailed comparison of the characteristics of 40 GHz optical clock signal recovered from a monolithic semiconductor laser with SA section operated under different conditions is presented. The experiment shows that saturable absorption in the laser cavity increases the extinction ratio and suppresses timing jitter, while no SA section in the laser cavity is more cost-effective, less sensitive to the data mark ratio and offers clock with larger locking range.
